Searching PAJ Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 05-326370 
(43)Date of publication of application : 10.12.1993 

(51)IntCI. H01L 21/027 



(21) Application number : 04-186673 

(22) Date of filing: 14.07.1992 


(71) Applicant : 

(72) Inventor : 


TOSHIBA CORP 

INOUE SOICHI 
FU JISAWA TADAHITO 
SATO TAKASHI 
TAMAMUSHl SHUICHI 
HORIOKA KEIJI 




(30)Priority 

Priority number : 04 70617 Priority date 


27.03.1992 Priority country 


: JP 





(54) PROJECTION ALIGNER 



(57)Abstract: 

PURPOSE: To sufficiently increase the depth of focus of the title aligner even 
when the size of an L/S pattern is large and to enhance the exposure accuracy 
of the title aligner. 

CONSTITUTION: In a projection aligner, a pattern on a mask is projected and 
exposed onto a wafer via a projection optical system. In the projection aligner, a 
special disphragm 9' (a four port filter) by means of which the distribution of the 
intensity inside a radiation face of a light source is symmeteric, four times, with 
respect to an optical axis and which makes the intensity large in four regions 
outside the optical axis is installed as a secondary light source with which the 
mask R is irradiated, and a pattern by using a semitransparent film is formed on 
a lighttransmitting substrate. Then, the following halftone mask is used: the 
phase difference between light transmitted through the semitransparent film and 
light transmitted through the light-transmitting substrate satisfies the 
relationship of 1 80 x (2n+1)±30° [where (n) is an integer]; and the amplitude 
transmission factor of the semitransparent film satisfies the relationship of 0.01 
x T0<T<0.30 x TO with reference to the amplitude transmission factor of the 
light-transmitting substrate. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]ln a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
system, To an optic axis, in four fields from which it separated from an optic axis, as a light source which illuminates said mask, it is 
symmetrical with 4 times, and cheat with intensity size out of intensity distribution within a projection surface of this light source, and 
as said mask, Phase contrast over light which passes a translucency board of light which a pattern of a semi-transparent membrane 
is formed on a translucency board, and passes this semi-transparent membrane, A projection aligner, wherein 180x(2n+1)**30 
(degree):n uses that which fills a relation of integer ** and with which the amplitude transmittance T of a semi-transparent membrane 
fills 0.01 xTO <=T<=0.30xT0 to the amplitude transmittance TO of a translucency board. 

[Claim 2]In a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
system, To an optic axis, in four fields from which it separated from an optic axis, as a light source which illuminates said mask, it is 
symmetrical with 4 times, and cheat with intensity size out of intensity distribution within a projection surface of this light source, and 
as said mask, A pattern is formed with a shading film on a translucency board, and a translucency film is allocated in a portion except 
the circumference or the circumference of a pattern by this light-shielding film, A projection aligner with which phase contrast over 
light which passes a translucency board of light which passes this translucency film is characterized by 1 80x(2n+1 )**30(degree):n 
using what fills a relation of integer **. 

[Claim 3]In a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
system, To an optic axis, in four fields from which it separated from an optic axis, as a light source which illuminates said mask, it is 
symmetrical with 4 times, and cheat with intensity size out of intensity distribution within a projection surface of this light source, and 
as said mask, A projection aligner with which phase contrast over light which passes a translucency board of light which a pattern is 
formed in part at least with a translucency film on a translucency board, and passes a pattern by this translucent membrane is 
characterized by 1 80x(2n+1)**30(degree):n using what fills a relation of integer **. 

[Claim 4]In a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
system, As a light source which illuminates said mask, to an optic axis, it is symmetrical with 4 times, and cheats out of intensity 
distribution within a projection surface of this light source with intensity size in four fields from which it separated from an optic axis, 
A projection aligner having arranged a substrate which has the translucency over exposing light to a pupil posion of said projection 
optical system, and giving distribution to it at thickness or a refractive index of this board. 

[Claim 5]ln a projection aligner transferred on a wafer, a pattern which was provided with the following and formed in a mask said 
special diaphragm, Four fields out of which it cheats with intensity size in four fields which the center of a schematic illustration form 
was on a concentric circle centering on an optic axis, and were symmetrical with 4 times and separated from intensity distribution 
within a surface of light source from an optic axis to an optic axis and where a radius vector direction is comparatively large, A 
projection aligner being what consists of a field which combines these four fields, and where a radius vector direction is comparatively 
narrow. 

The 1st condensing optical system that condenses light from a light source. 

An equalization optical system which equalizes light condensed by this 1st condensing optical system. 

A special diaphragm provided in a surface-oHight-source position by the side of outgoing radiation of this equalization optical 
system. 

The 2nd condensing optical system that condenses light obtained via this special diaphragm and with which a mask is irradiated, and a 
projection optical system which projects on a wafer light which penetrated a mask. 

[Claim 6]In a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
system, As a light source which illuminates said mask, it is symmetrical with 4 times, and make intensity distribution within a 
projection surface of this light source into intensity size to an optic axis, in four fields from which it separated from an optic axis, and 
make intensity of a center section of a light source large, and as said mask, Phase contrast over light which passes a translucency 
board of light which a pattern of a semi-transparent membrane is formed on a translucency board, and passes this semi-transparent 
membrane, A projection aligner, wherein 1 80x(2n+1 )**30(degree):n uses that which fills a relation of integer ** and with which the 
amplitude transmittance T of a semi-transparent membrane fills 0.01 xTO <=T<=0.30xT0 to the amplitude transmittance TO of a 
translucency board. 

[Claim 7]In a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
system, As a light source which illuminates said mask, it is symmetrical with 4 times, and make intensity distribution within a 
projection surface of this light source into intensity size to an optic axis, in four fields from which it separated from an optic axis, and 
make intensity of a center section of a light source large, and as said mask, A pattern is formed with a shading film on a translucency 
board, and a translucency film is allocated in a portion except the circumference or the circumference of a pattern by this light- 
shielding film, A projection aligner with which phase contrast over light which passes a translucency board of light which passes this 
translucency film is characterized by 180x(2n+1)**30(degree):n using what fills a relation of integer **. 

[Claim 8]In a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
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system, As a light source which illuminates said mask, it is symmetrical with 4 times, make intensity distribution within a projection 
surface of this light source into intensity size to an optic axis, in four fields from which it separated from an optic axis, and make large 
intensity of a center section of a secondary light source, and as said mask, A projection aligner with which phase contrast over light 
which passes a translucency board of light which a pattern is formed in part at least with a translucency film on a translucency board, 
and passes a pattern by this translucent membrane is characterized by 1 80x(2n+1 )**30(degree):n using what fills a relation of integer 
**. 

[Claim 9]In a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
system, Intensity distribution of a light source which illuminates said mask is made into intensity size in two symmetrical fields on 
both sides of one field or an optic axis which separated from an optic axis, A projection aligner considering it as transmissivity size 
along a diametral direction of a pupil including a field which serves as intensity size of said light source on this pupil in transmissivity 
distribution of a pupil of said projection optical system, and carrying out synchronous rotation a center [ an optic axis ] while exposing 
intensity distribution of said light source, and transmissivity distribution of said pupil. 

[Claim 1 0]ln a projection aligner which carries out projection exposure of the pattern of a mask on a wafer via a projection optical 
system, To an optic axis, it is symmetrical with 4 times, and intensity distribution of a light source which illuminates said mask is made 
into intensity size in four fields from which it separated from an optic axis, A projection aligner considering it as transmissivity size in 
a rectangular side direction or a diagonal direction which consists of four fields which serve as intensity size of said light source on 
this pupil, and carrying out synchronous rotation of the transmissivity distribution of a pupil of said projection optical system a center 
[ an optic axis ] while exposing intensity distribution of said light source, and transmissivity distribution of said pupil. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the projection aligner for forming the detailed resist pattern which manufacture of 

Integrated Circuit Sub-Division takes. 

[0002] 

[Description of the Prior Art]In recent years, progress of optical lithography technology was remarkable and a possibility that a 0.5- 
micrometer rule would also be realizable came out in the projection aligner of g line (436 nm) or i line (365 nm). This is because high 
NA-ization of the lens progressed [ highly efficient-ization of the projection aligner, and ] especially. However, it is a question whether 
a next-generation 0.3-micrometer rule can also be attained by old extension. Although resolution improves by a raise in NA of a lens, 
and the short wavelength formation of exposing light, since the depth of focus falls, usable resolution seldom improves. Therefore, 
development of the improvement technology of the depth of focus is desired. 

[0003]The outline composition of the projection aligner generally used conventionally is shown in drawing 23 . In this figure, an elliptic 
reflecting mirror and 3 the lamp with which 1 consists of mercury-vapor lamps, and 2 The 2nd focus of the elliptic reflecting mirror 2, 
An input lens and 5 4 An optical integrator (eye lens to obtain), 6 an output lens and 7 a collimation lens and 8 A reticle (mask), The 
filter for letting only the light of the wavelength which the aperture diaphragm as a uniform diaphragm is made 9 and to which 
aberration compensation of the optical system is carried out 10 pass, It is the diaphragm as which the projection optical system which 
projects 11, the cold mirror which 12 bends an optical path and makes the height of equipment low, and 13 on a lamp house, and to 
which 1 4 projects the image of the pattern on the reticle 8 on a wafer with a lens, a mirror, or its combination, and 1 5 determine a 
wafer, and 16 determines a numerical aperture. 

t0004]Although a large number also besides having been shown in drawing 23 , the basic constitution of the conventional projection 
aligner is arranged in order of the light source 1, the 1st condensing optical system 18, the equalization optical system 19, the 2nd 
condensing optical system 20, the reticle 8, the projection optical system 14, and the wafer 15, as typically shown in drawing 24 (a). 
The 1st condensing optical system 18 is a portion which is equivalent to the elliptic reflecting mirror 2 and the input lens 4 in the 
example of drawing 23 . 

A spherical mirror besides an elliptic mirror, a plane mirror, a lens, etc. are arranged suitably, and it has a duty which puts as 
efficiently as possible the light flux which comes out of a light source into the equalization optical system 1 9. 

The equalization optical system 1 9 is a portion equivalent to the optical integrator 5 of drawing 23 , and an optical fiber, a polyhedral 
prism, etc. may be used as others. 

[0005]The 2nd condensing optical system 20 is a portion equivalent to the output lens 6 and the collimation lens 7 of drawing 23 . 
The emitted light of the equalization optical system 19 is made to superimpose, and image surface tele centric nature is secured 
further. 

In addition, the reflector which the filter equivalent to the filter 1 0 of drawing 23 is inserted in a part with the light flux near optic-axis 
parallel, and is equivalent to the cold mirrors 11 and 12 is also inserted although a place is not the most important. 
[0006]When the side by which light comes from the reticle 8 in the equipment constituted in this way is seen, the character of light 
turns into character of the light which comes out from the equalization optical system 1 9 through the 2nd condensing optical system 
20, and the outgoing radiation side of the equalization optical system 19 sees it, and it is visible to the upper light source. For this 
reason, in the above composition, generally, outgoing radiation side 24 of the equalization optical system 19 is called the secondary 
light source. When the reticle 8 is projected on the wafer 15, the formation characteristic, i.e., the resolution, the depth of focus, etc. 
of a projection exposure pattern are decided by the description of the light which irradiates with the numerical aperture and the 
reticle 8 of the projection optical system 1 4, i.e., the description of the secondary light source 24. 

[0007] Drawing 24 (b) is an explanatory view about the reticle illumination light in the projection aligner shown in the figure (a), and an 
image formation beam of light. In drawing 24 (b), the projection optical system 14 has the aperture diaphragm 16 inside usual, 
regulates angle thetaa which the light which passed along the reticle 8 may pass, and it has determined the angle theta of the beam 
of light which carries out an incident light on the wafer 15. 

[0008]Generally, what is called the numerical aperture NA of the projection optical system is an angle defined by NA=sintheta. 
When projecting magnification is set to 1/m, it has a relation of sinthetaa=sin theta/m. 

moreover — in this kind of equipment — " — usually the chief ray which falls to image surface tele centric", i.e., the image surface, is 
constituted at right angles to the image surface — this — ", in order to fulfill the conditions of image surface tele centric", Image 
formation of the real image of the emission face of the equalization optical system 1 9 of drawing 24 (a), i.e., the surface of light 
source of the secondary light source 24, is carried out to the position of the aperture diaphragm 1 6. 

[0009]The light which enters into the reticle 8 carries out the range of the solid angle when a secondary surface of light source is 
seen through the 2nd condensing optical system 20 from the reticle 8 under such conditions, and it is caught, When the half width 
was set to phi and sigma=sin phi/sinthetaa defined the coherency sigma of the illumination light I thought that the pattern formation 
characteristic was determined by NA and sigma. 
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[0010]Next, the relation of NA and sigma, and the pattern formation characteristic is explained in detail. Resolution goes up so that 
NA is large, but the depth of focus becomes shallow, and since it is the aberration of the projection optical system 14, reservation of 
an extensive exposure region becomes difficult. Since it cannot use for uses, such as actual LSI manufacture, if there is none of a 
certain amount of exposure regions and depths of focus (for example, 10 mm squares, **1 micrometer), with conventional equipment, 
about NA=0.35 is a limit On the other hand, a sigma value mainly participates in resolution with sectional shape and correlation with 
regards to pattern sectional shape and the depth of focus. Since the deep pool of a pattern will be emphasized if a sigma value 
becomes small, a side attachment wall approaches vertically, and sectional shape turns into good pattern shape, but the focus range 
which the definition in a fine pattern worsens and can resolve becomes narrow. On the contrary, if a sigma value is large, the 
definition in a fine pattern and the focus range which can be resolved will become good a little, but the side-attachment-wall 
inclination of a pattern section is loose, and when it is a thick resist, sectional shape serves as a trapezoid thru/or a triangle. 
[001 1]For this reason, in the conventional projection aligner, as a sigma value which maintained balance comparatively, fixed setting 
out is carried out sigma=0.5 - 0.7, and the conditions of the sigma=0.3 grade are only tried experimentally. In order for what is 
necessary to be just to decide the size of the surface of light source of the secondary light source 24 to set up a sigma value, 
generally the circular opening diaphragm 9 for sigma value setting out is placed just behind the surface of light source of the 
secondary light source 24. 

[0012]As one method of raising the depth of focus of such a common projection aligner, The example using the special diaphragm 
which has a special opening pattern instead of the circular opening diaphragm 9 is proposed (the mechanical test in "research [ of a 
microscope object lens ] (10th news)" 1957 by Ukita and Tsujiuchi some places news, the 1 1th volume, No. 2, p9~). When the filter 
shown in drawing 25 (a) is used for a thing characteristic in this, the direction which connects two light transmission areas is that 
having very high resolution performance to the last shipment pattern arranged in perpendicularly is described. 
[001 3]The filter which has four openings as this modification on the other hand as shown in drawing 25 (b). (4th filter is called 
hereafter) is proposed (the Japanese Patent Publication No. 56 No. -9010 gazette), and the projection exposure using 4th filter of this 
form, At the 52nd Japan Society of Applied Physics academic lecture meeting in October, 1991, "reduced-projection-exposure 
method (I), (II) using a modification light source" (lecture number 12 a-ZF-3 and 12 a-ZF-4) were entitled by Kamon, Miyamoto, etc., 
and it was announced. According to this, being obtained by the high resolution performance to last shipment doubling a right-angled 
direction not only with one way but with it is shown. 

[0014] Drawing 26 shows the result of having usually carried out the simulation of the transfer property in Lighting Sub-Division to the 
case where it illuminates with this 4th filter. As for the horizontal axis, the ratio of a line and a space shows the depth of focus (DOF), 
as for the last shipment pattern size of 1:1, and a vertical axis. NA of an exposure wavelength of 365 nm (i line) and a projection 
optical system is 0.55. The resist resolvable by not less than 70% of image contrast is assumed, in such a last shipment pattern — 
last shipment — < — near last shipment=0.4 micrometer, the resolution by 4th Lighting Sub-Division and a depth-of-focus improved 
effect are usually especially remarkable 0.65 micrometer compared with Lighting Sub-Division. However, in last 
shipment>=0.65micrometer, the direction of the depth of focus in Lighting Sub-Division will usually become large compared with 4th 
Lighting Sub-Division conversely. 

[0015]ln particular, the depth of focus near last shipment=0.7 micrometer is getting worse. The eye of 4th filter is located and it 
depends for this characteristic on a size. While the depth of focus of such small last shipment that the interval of eyes separates 
improves, the tendency for the fall of the depth of focus in big last shipment to become remarkable becomes remarkable. A tendency 
only whose depth of focus of the last shipment pattern of specific size improves is shown, so that eyes are small. Thus, although 
there are some differences with the position of the eye of 4th filter, and a size, an overall tendency is as being shown in drawing 26 . 
[0016]although the above-mentioned explanation came out about the last shipment pattern, at the time of isolated omission pattern 
formation (at the time of positive-resist use), 4th filter is an opposite effect rather and it turned out that DOF decreases. The 
minimum omission line width which can secure the depth of focus of 1.5 micrometers will be set to 0.45 micrometer by exposure by 
4th Lighting Sub-Division to being usually 0.4 micrometer in exposure. That is, in performing exposure by 4th Lighting Sub-Division, it 
means that it is necessary to design an isolated omission pattern at 0.45 micrometers or more to the ability to design the last 
shipment pattern of 1:1 at 0.29 micrometer. In a actual LSI pattern, it extracts and line width is close to a design rule, and although 
there are few typical isolated omission patterns [ as / whose both sides are resists over several micrometers ], there are dramatically 
many patterns with a ratio of a space small to a line. In the case of such an isolated omission pattern what is called, the line width 
which can secure the depth of focus of not less than 1.5 micrometers becomes large, and it has big influence on the shrink of a chip. 
[0017]In 4th exposure using 4th filter, good resolution performance was not obtained to the pattern arranged in addition to the 2-way 
which intersects perpendicularly mutually, but it turned out that the fall of resolution performance is remarkable about the pattern 
arranged especially in the direction of 45 degrees. The characteristic shown in drawing 26 is a case of a relation as 4th filter and the 
direction of last shipment show to drawing 27 . When 4th filter and the direction of last shipment have the directivity of 45 degrees to 
a relation like drawing 28 , i.e., last shipment a result [ like ] is obtained as shown in drawing 29 . In this case, in transfer with 4th 
Lighting Sub-Division, compared with Lighting Sub-Division, the depth of focus will usually worsen. 
[0018] 

[Problem to be solved by the invention]Thus, compared with exposure by the usual circular secondary light source, resolution and a 
depth-of-focus improved effect are remarkable at last shipment<0.65micrometer in the exposure using 4th filter conventionally. 
However, in last shipment>=0.65micrometer, the direction of the depth of focus in Lighting Sub-Division will usually become large 
compared with 4th Lighting Sub-Division conversely. In particular, the depth of focus will be set to about 1.5 micrometers near last 
shipment=0.7 micrometer. For this reason, when the big depth of focus transfers a required layer, the pattern near last shipment=0.7 
micrometer is not transferred good. That is, near last shipment=0.4 micrometer, in spite of having the depth of focus of about 2.5 
micrometers, there is a problem in which transfer property carries out rate-limiting with the pattern of bigger size. 
[0019]When the filter which penetrates light like 4th filter only at four specific places was used as a Lighting Sub-Division filter, there 
was a problem that a big difference arose in resolution performance by the direction of a pattern. 

[0020]Although the depth of focus and resolution of last shipment improve in the above-mentioned conventional example, on the 
other hand in an isolated omission pattern, the depth of focus and resolution decrease. This shows that it is necessary to design with 
thick line width, so that the linewidth to the space width of a pattern is wide. Since many patterns with a wide linewidth to a space 
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exist, they cannot connect the large depth-of-focus enhancement effect by 4th Lighting Sub-Division with a actual LSI pattern to 
the shrink of a chip size. 

[002l]This invention was made in consideration of the above-mentioned situation, when a place made into the purpose is [ the size of 
a last shipment pattern ] large, even if there is, the depth of focus can be enlarged enough, and it is in providing the projection aligner 
which can aim at improvement in exposure precision. Other purposes of this invention are not depended in the direction of a pattern, 
but there are in providing the projection aligner which can enlarge the depth of focus enough. 

[0022]Another purpose of this invention is to provide the projection aligner which an isolated omission pattern or an isolated omission 
pattern with a linewidth wide to space width can extract can design line width more finely, and, as a result, attains shrink with a large 
chip size. 
[0023] 

[Means for solving problem]To achieve the above objects, the following composition is adopted in this invention. 
[0024]Namely, in the projection aligner with which this invention (Claims 1-3) carries out projection exposure of the pattern of a mask 
on a wafer via a projection optical system, The special diaphragm which cheats out of the intensity distribution within a projection 
surface of this light source with intensity size to an optic axis as a light source which illuminates a mask in four fields which were 
symmetrical with 4 times and, from which it separated from the optic axis is established, It is considered as the feature using the 
half-tone mask, the selfHalign type phase shift mask, or the shifter edge type phase shift mask as a mask. With a half-tone mask, the 
pattern of a semi-transparent membrane is formed on a translucency board here, The phase contrast over the light which passes the 
translucency board of the light which passes this semi-transparent membrane fills the relation of integer **, and, as for 180x(2n+1) 
**30(degree):n, the amplitude transmittance T of a semi-transparent membrane fills 0.01 xTO <=T<=0.30xT0 to the amplitude 
transmittance TO of a translucency board. 

[0025]With a self^align type phase shift mask, a pattern is formed with a shading film on a translucency board, A translucency film is 
allocated in the portion except the circumference or the circumference of a pattern by this light-shielding film, and, as for 180x(2n+1) 
**30(degree):n, the phase contrast over the light which passes the translucency board of the light which passes this translucency film 
fills the relation of integer **. 

[0026]With a shifter edge type phase shift mask, a pattern is formed in part at least with a translucency film on a translucency board, 
As for 1 80x(2n+1 )**30(degree):n, the phase contrast over the light which passes the translucency board of the light which passes the 
pattern by this translucent membrane fills the relation of integer **. 

[0027]In the projection aligner with which this invention (Claim 4) carries out projection exposure of the pattern of a mask on a wafer 
via a projection optical system, The special diaphragm which cheats out of the intensity distribution within a projection surface of this 
light source with intensity size to an optic axis as a light source which illuminates a mask in four fields which were symmetrical with 4 
times and, from which it separated from the optic axis is established, The substrate which furthermore has the translucency over 
exposing light in the pupil posion of a projection optical system has been arranged, and distribution was given to the thickness or the 
refractive index of this board. 

[0028]Here, in the substrate arranged to the pupil posion of a projection optical system, it is desirable to change the thickness or the 
refractive index of a substrate equivalent to the periphery of a pupil to other portions. It is more desirable to use said half-tone mask, 
a self-align type phase shift mask, or a shifter edge type phase shift mask in addition to the above-mentioned composition. 
[0029]The 1 st condensing optical system in which this invention (Claim 5) condenses the light from a light source, The equalization 
optical system which equalizes the light condensed by this 1st condensing optical system, and the special diaphragm provided in the 
surface-of-light-source position by the side of outgoing radiation of this equalization optical system, In the projection aligner which 
transfers on a wafer the pattern which possessed the 2nd condensing optical system that condenses the light obtained via this 
special diaphragm, and with which a mask is irradiated, and the projection optical system which projects on a wafer the light which 
penetrated the mask, and was formed in the mask, Four fields out of which it cheats with intensity size in four fields which the center 
of the schematic illustration form was on the concentric circle centering on an optic axis as composition of a special diaphragm, and 
were symmetrical with 4 times and separated from the intensity distribution within a surface of light source from the optic axis to the 
optic axis and where a radius vector direction is comparatively large, It constituted so that it might have a field which combines these 
four fields and where a radius vector direction is comparatively narrow. 

[0030]In the projection aligner with which this invention (Claims 6-8) carries out projection exposure of the pattern of a mask on a 
wafer via a projection optical system, Establish the special diaphragm which made intensity size intensity distribution within a 
projection surface of this light source to the optic axis as a light source which illuminates a mask in four fields which were 
symmetrical with 4 times, and from which it separated from the optic axis, and made intensity of the center section of a light source 
large, and as a mask, It is considered as the feature using a half-tone mask, a self-align type phase shift mask, or a shifter edge type 
phase shift mask. 

[0031]In the projection aligner with which this invention (Claim 9) carries out projection exposure of the pattern of a mask on a wafer 
via a projection optical system, Intensity distribution of the light source which illuminates a mask is made into intensity size in two 
symmetrical fields on both sides of one field or optic axis which separated from the optic axis, It is considered as transmissivity size 
along the diametral direction of a pupil including the field which serves as intensity size of a light source on this pupil in the 
transmissivity distribution of the pupil of a projection optical system, and while exposing the intensity distribution of a light source, 
and the transmissivity distribution of a pupil, synchronous rotation is carried out a center [ an optic axis ]. 
[0032]In the projection aligner with which this invention (Claim 10) carries out projection exposure of the pattern of a mask on a 
wafer via a projection optical system, To an optic axis, it is symmetrical with 4 times, and intensity distribution of the light source 
which illuminates a mask is made into intensity size in four fields from which it separated from the optic axis, It is considered as 
transmissivity size in the rectangular side direction or diagonal direction which consists of four fields which serve as intensity size of 
a light source on this pupil, and while exposing the intensity distribution of a light source, and the transmissivity distribution of a pupil, 
synchronous rotation of the transmissivity distribution of the pupil of a projection optical system is carried out a center [ an optic 
axis ]. 

[Function]According to this invention (Claims 1-3), it is point symmetry to an optic axis as light-source-intensity distribution, And in 
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size, the intensity in four fields from which it separated from the optic axis when carrying out pattern transfer with the becoming 
lighting, by using a half-tone mask, a. self-align type phase shift mask, a shifter edge type phase shift mask, etc., It is possible to 
enlarge further the DOF improved effect of the last shipment pattern of all the sizes. If 4th filter was only used as a light source, 
there is a tendency for the depth of focus of a large last shipment pattern to become small relatively compared with small last 
shipment, like the case where the usual Cr mask is used, but. The depth of focus as an absolute value can be raised by having used 
the various above-mentioned phase shift masks. 

[0034]According to this invention (Claim 4), use 4th filter as a light source, and. By arranging the substrate which has translucency to 
exposing light in the pupil posion of a projection optical system, and changing the thickness or the refractive index of a substrate 
equivalent to the periphery of this pupil to other portions, it cannot be dependent on pattern size and the big depth of focus and a 
marginal resolution improved effect can be acquired. In addition, it is possible to use a half-tone mask and a phase shift mask for a 
mask, and to enlarge the above-mentioned effect more by things. 

[0035]According to this invention (Claim 5), the special diaphragm as a light source has the composition of two kinds of filters of a 
zona-orbicularis Lighting Sub-Division filter and 4ths Lighting Sub-Division filter, As a result, both fault negates each other, even the 
level which is satisfactory practically can reduce pattern size and the dependency of a direction, and high resolution performance and 
a depth-of-focus improved effect are acquired. 

[0036]Like [ according to this invention (Claims 6-8) ] the Claims 1-3 mentioned above, as light-source-intensity distribution, In size, 
the intensity in four fields from which it separated from point symmetry and an optic axis to the optic axis in addition to the depth of 
focus of the last shipment pattern in the case of transferring with the becoming lighting, and a marginal resolution improved effect, by 
enlarging light source intensity near the center of a light source, The depth of focus and resolution over an isolated omission pattern 
can also be raised. As a result, it becomes possible to attain shrink with a large chip size. 

[0037]By according to this invention (Claim 9, 10), allocating in the light source position of an exposure device the filter which has an 
aperture in the position which carried out eccentricity from the optic axis, and cheating with the illumination-light study system which 
illuminates a mask from across, The high order diffracted light of the long last shipment pattern of an eccentric direction and a right- 
angled direction goes into a projection optical system, and resolution improves. Here, since actual LSI has various directivity, the high 
order diffracted light generated from patterns other than the above-mentioned direction does not go into a pupil, and its definition 
does not improve. Therefore, the diffracted light generated from patterns other than the above-mentioned direction is positively cut 
for allocating in a pupil posion the slit which doubled the eccentric direction of this filter with the longitudinal direction. The pattern 
directivity dependency of resolution is cancelable by exposing this slit and this filter, carrying out synchronous rotation 360 degrees 
by setting the axis of rotation as an optic axis. 

[0038]It is possible to have the same resolution as the above-mentioned exposure method, and to make exposure time into a half by 
using the filter which carries out eccentricity from an optic axis, and has every one a total of two apertures in a symmetrical position 
mutually to an optic axis as a filter allocated in a light source position. As a filter allocated in a light source position, to an optic axis, 
it is symmetrical with 4 times, and intensity size and the filter out of which it cheats are used in four fields from which it separated 
from the optic axis, It is possible to have the almost same resolution as the above-mentioned exposure method, and to shorten 
exposure time further by using for the pupil posion of a projection optical system transmissivity size and the slit filter out of which it 
cheats, for example in the shape of parallel crosses. 
[0039] 

[Working example]Hereafter, the embodiment of a graphic display of the details of this invention explains. 

[0040] Drawing 1 is an outline block diagram showing the projection aligner concerning the 1st embodiment of this invention. In drawing 
i, 1 a lamp (light source) and 2 an elliptic reflecting mirror and 3 The 2nd focus of the elliptic reflecting mirror 2, 4 an input lens and 5 
an optical integrator and 6 An output lens, The special diaphragm to which 7 has a collimation lens and, as for 8, a reticle and 9' have 
distribution in transmissivity, It is the diaphragm as which 1 0 determines the projection optical system which 1 3 projects a filter, and 
1 1 and 12 on a cold mirror, and projects it on a lamp house, and to which 14 projects the image of the pattern on the reticle 8 on a 
wafer with a lens, a mirror, or its combination, 1 5 determines a wafer, and 1 6 determines a numerical aperture, and is called the pupil. 
It is a filter which has distribution in light path length. 

[0041 ]A mercury-vapor lamp is used as the lamp 1 of a light source, and the continuous spectrum of such luminescent line [, such as 
436 nm of g lines, 405 nm of h lines, and 365 nm of i lines, ] or wavelength neighborhood is taken out and used. For this reason, while 
high luminosity is required for the lamp 1 of a light source, when condensing efficiency and exposure homogeneity are considered, its 
direction near the point light source is good, however, the lamp 1 which moreover has distribution in intensity in a limited size actually 
since such an ideal light source does not exist — not using it — it does not obtain but it becomes SUBJECT how the light emitted 
from such a lamp 1 is changed into a good light of exposure homogeneity efficient 

[0042]In the equipment shown in drawing 1 , the lamp 1 is put on the 1st focus of the elliptic reflecting mirror 2, and light flux is once 
collected near [ 2nd focal 3 ] the elliptic reflecting mirror 2. And light flux is mostly changed to a parallel pencil with the input lens 4 
which shares a focal position with the 2nd focus 3 mostly, and it puts into the optical integrator 5. The optical integrator 5 is what 
bundled many rod-like lenses, and is also called the eye lens of a fly. the mole cricket of the beam of light with which letting this 
optica! integrator 5 pass is the main factor which improves exposure homogeneity, and the input lens 4 passes along the optical 
integrator 5 — the duty which lessens ** and raises condensing efficiency is made. 

[0043]The light which came out of the optical integrator 5 is condensed so that the light flux which came out of each small lens of 
the optical integrator 5 may be overlapped on the reticle 8 and it may hit with the output lens 6 and the collimation lens 7. Although 
the beam of light which entered into the optical integrator 5 has the intensity distribution by a place, as a result of being 
superimposed on the light which comes out of each small lens of the optical integrator 5 almost equally, it becomes almost uniform 
[ irradiation intensity ] on the reticle 8. If the luminous-intensity distribution which enters into the optical integrator 5 with a natural 
thing is uniformly near, the illuminance distribution of the reticle 8 on which emitted light was made to superimpose will become 
homogeneity more. Special diaphragm 9' mentioned later has been arranged, and the outgoing radiation side size of the optical 
integrator 5 is decided to be the outgoing radiation side of the optical integrator 5. 

[0044]When condensing with the elliptic reflecting mirror 2, using a mercury-vapor lamp as the lamp 1, as the structure of a mercury- 
vapor lamp shows drawing 1 , it is longwise, and since both ends serve as an electrode, the beam of light of the shaft orientations of 
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the lamp 1 cannot be taken out. Therefore, as shown in drawing 1 , by request the luminous-intensity distribution included in the 
central part of the optical integrator 5 may fall as the input lens 4 using a convex lens. Then, the conical lens of both convex or 
plano-convex piece concave may be inserted between the input lens 4 and the optical integrator 5, and luminous-intensity 
distribution included in the optical integrator 5 may be made more uniform. 

[0045]The filter 10 is for an optical system to let only the light of the wavelength by which aberration compensation is carried out 
pass, and the cold mirrors 1 1 and 12 bend an optical path, and make the height of equipment low, and they bear the duty which make 
penetrate a long-wavelength-light heat ray, and the portion of the lamp house 13 which can be cooled is made to absorb. The light 
which irradiated with the reticle 8 passes along the projection optical system 14, and projection exposure transfer of the image of the 
minute pattern on the reticle 8 is carried out at the resist on the wafer 1 5. 

[0046] Drawing 2 is a top view showing the opening pattern of the 4th filter 20 as special diaphragm 9' used with this example 
equipment. In this figure, a slash part shows the shade part 23, and to the optic axis 21, the four circular opening parts (light 
transmission section) 22 are symmetrical with 4 times, and are arranged at the position [ optic axis ] shifted, respectively. The half-- 
tone mask mentioned later was used as the mask 8. 

[0047]The result of having calculated the focus margin to the pattern size in exposure with 4th filter in this example is shown in 
drawing 3 . When a dotted line usually transfers the usual Cr mask with Lighting Sub-Division (sigma value 0.6), they are exposure 
when a solid line uses the usual Cr mask with 4th Lighting Sub-Division, and exposure when an alternate long and short dash line 
performs 4th Lighting Sub-Division and uses a half-tone mask further (this example). 0.55 and the exposure wave lambda of NA of an 
exposure device are 365 nm. 

[0048]By performing 4th Lighting Sub-Division, and also using a half-tone mask shows that the depth of focus in all the line width is 
improving uniformly. Although it is the same as the case where the usual Cr mask is used, about having the maximum depth of focus 
near last shipment=0.4 micrometer, and the depth of focus serving as the minimum near last shipment=0.7 micrometer, Since the 
depth of focus as an absolute value is improving, practically sufficient depth of focus is obtained also in the pattern with big last 
shipment size. 

[0049] Drawing 4 - drawing 6 are the figures for explaining the mask 8 used with this example equipment. The typical section structure 
of the half-tone mask was shown in drawing 4 (a), optical amplitude distribution was shown in drawing 4 (b), and light intensity 
distribution was shown in drawing 4 (c). The LSI pattern is formed of the film [ that a half-tone mask is translucent to exposing light 
on the translucency board 30 (usually Si0 2 ) (1%<= amplitude transmittance <=30%) ] 31. As for the thickness of the semi-transparent 
membrane 31, 180x (2n+1) degree**30(%):n is [ the phase of the transmitted light 32 of this film ] an integer to the phase of the 
substrate transmitted light 33, [0050]It is controlled to fill ******. B which diffracts the substrate transmitted light 33 on a wafer, 
spreads, and is shown in drawing 4 (b) — on a wafer, although it becomes a profile [ like ], since the light 32 which penetrates the 
semi-transparent membrane 31 serves as an opposite phase (profile A), it interferes in it, it is weakened mutually and raises image 
contrast (profile C). 

[005l]in the above-mentioned embodiment, when the halMone mask was exposed with 4ths Lighting Sub-Division filter, it was shown 
that an effect is large, but even if it uses a serf^align type phase shift mask, other phase shift masks, for example, shifter edge type 
phase shift mask, a big effect arises similarly. The typical section structure of the shifter edge type phase shift mask was shown in 
drawing 5 . As for the shifter edge type phase shift mask, the LSI pattern is formed with the transparent substance 34 (Si0 2 ) to 
exposing light on the translucency board 30 (usually Si0 2 ). As for the thickness of this transparent membrane 34, 180x (2n+1) 
degree**30(%):n is [ the phase of the transmitted light 35 ] an integer to the phase of the substrate transmitted light 33, [0052]It is 
controlled to fill ******. On a wafer, since the substrate transmitted light 33 and the light 35 which penetrates the transparent 
membrane 34 serve as an opposite phase, the portion equivalent to the edge part of the transparent membrane 34 interferes in it, it is 
weakened mutually, and forms dark space. Since the line width of the transparent membrane 34 is small, the dark space in two edge 
parts overlaps, and one dark space is formed. 

[0053]The typical section structure of the self-align type phase shift mask was shown in drawing 6 . As for the self^align type phase 
shift mask, the LSI pattern is formed with the opaque substances 36 (Cr etc.) to exposing light on the translucency board 30 (usually 
Si0 2 ). The phase shifter 37 is formed in the circumference of this opaque film 36 with transparent substances (Si0 2 etc.) to exposing 
light. As for the thickness of this phase shifter 37, 180x (2n+1) degree**30(%):n is [ the phase of the transmitted light 38 ] an integer 
to the phase of the substrate transmitted light 33. [0054]It is controlled to fill ******. Although the above structures attained the 
above-mentioned optical principle in this example, other mask structures which do not limit this invention and attain the above- 
mentioned optical principle may be sufficient as this structure. 

[0055]Thus, according to this example, in order to determine a light source configuration, the DOF improved effect of the last 
shipment pattern of all the sizes can be enlarged by using various phase shift masks as shown in drawing 4 - 6 as the mask 8 using 
the 4th filter 20 as shown in drawing 2 . For this reason, even if it is when the size of a last shipment pattern is large, the depth of 
focus can be enlarged enough, and it becomes possible to aim at improvement in pattern exposure precision. 
[0056]Next, the 2nd embodiment of this invention is described. This embodiment uses 4ths+ pupil filter. 4th filter for determining a 
light source configuration is the same as that of what is shown in said drawing 2 , and, in addition to this, the phase filter 40 as shown 
in drawing 7 in the pupil posion 16 of the projection optical system 14 shown in drawing 1 is arranged by this example. 
[0057]The phase filter of drawing 7 (a) is a disk form symmetrical with rotation to the optic axis 41, and the diameter is equivalent to 
the pupil diameter. Construction material has translucency to exposing light, and uses Si0 2 . In the zona-orbicularis field 42 of the 
inside diameter r and the width d, board thickness is thick only t rather than the other field 43. That is, the light path length of light 
who passes through the field 42 means becoming longer than that of the field 43. This light path length's difference produces and 
cheats out of the phase contrast of light r, d, and t are determined depending on the position of line width to improve the depth of 
focus and 4th filter, etc. Although the phase filter which has the thickness distribution shown by drawing 7 (a) was used in this 
embodiment, this invention is not limited and the form of a phase filter may change by the line width and line type whose depth of 
focus wants to improve. 

[0058]The phase filter shown in drawing 7 (b) also produces and cheats out of the same effect as said phase filter. The difference 
from drawing 7 (a) is that board thickness is thin only t rather than the other field 43 in the zona-orbicularis field 42 of the inside 
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diameter r and the width d. That is, the light path length of light who passes through the field 42 means being shorter than that of the 
field 43. since the phase contrast of the light produced according to light path length's difference makes 2 pi one cycle — drawing 7 
(a) and (b) — also in which structure, it is possible to acquire desired phase contrast. 

[0059]The result of having calculated the focus margin to the pattern size in the exposure using the 4th filter 20 and the phase filter 
40 which have four openings is shown in drawing 8 . A dotted line by the exposure (4ths filter + pupil filter) by this example when 
exposure (exposure only with 4th filter) and a solid line usually use the usual Cr mask. It is exposure (4ths filter + pupil filter + half- 
tone mask) by this example when an alternate long and short dash line uses a half-tone mask. As for NA of an exposure device, 0.6 
and the exposure wavelength lambda of 0.55 and the coherence factor sigma are 365 nm. 

[0060]When the phase filter 40 is inserted in a pupil posion, it turns out that the problem at the time of a depth-of-focus improved 
effect becoming large by last shipment>=0.65micrometer, and exposing only with 4th Lighting Sub-Division is solved. When the half- 
tone mask shown by drawing 4 is used, it turns out that an effect is large. Even if it uses the self-align type mask and shifter edge 
which were shown by drawing 5 and drawing 6 , an effect is large similarly. Since the amplitude transmittance of a pupil function is 
100%, exposing light is absorbed, one, i.e., the filter, of the problem of the super flex time method, it becomes heat, an optical system 
causes thermal expansion, and the problem referred to as degrading transfer accuracy is not produced. Next, the 3rd embodiment of 
this invention is described. This embodiment uses 4ths+ zona-orbicularis filter. 

[0061]The form of special diaphragm 9' of the secondary surface of light source shown in drawing 1 in this example is shown in 
drawing 9 . 

As for 51, a light transmission section and 53 are shade parts an optic axis and 52. 

This is connected by the light transmission section E of the ring shape in which the circular light transmission section A B, and C 
which had a large field to the radius vector direction centering on an optic axis, and D had a narrow field to the radius vector 
direction. 

[0062]Although the boundary which consists of curves altogether constituted from drawing 9 , it is not necessary to be necessarily a 
curve and is good also considering the 2nd form shown in drawing 10 as special diaphragm 9'. The 3rd form of special diaphragm 9' 
does not deviate from the range of this invention as form shown in drawing 1 1 . The feature of the form of drawing 1 1 is at the point 
that the portion of a large field does not become uniform width to a radius vector direction, but the connection is intermittent further. 
l n drawing 11 , even A - TA are light transmission sections. 

[0063]ln the form of the embodiment shown in above-mentioned drawing 9 - drawing 1 1 , the light transmittance of the light 
transmission section 52 may not necessarily be 100%, and does not need to be the same trans mi ssivity in all the fields depending on 
the case. There is also no necessity which is point symmetry. In this embodiment, arrangement and the occupation area of the light 
transmission section 52 can be suitably changed with the desired resolution performance and dimensional accuracy of a pattern. 
[0064] Drawing 12 and 1 3 show the exposure characteristic at the time of exposing using the special filter shown in drawing 9 . Drawing 
12 shows the characteristic to a last shipment pattern in every direction, and the characteristic of as opposed to a slanting last 
shipment pattern in drawing 13 . The depth of focus when a vertical axis makes resist contrast 70%, and a horizontal axis show the 
pattern size of last shipment. 

[0065]If the depth of focus required for actual device pattern transfer shall be 1.5 micrometers, the last shipment pattern size which 
can secure this required depth of focus will hardly deteriorate from drawing 1 2 compared with the case where the special filter which 
has four openings shown by the conventional example is used. That is, in the case of a conventional example, by this example, it is set 
to last shipment=0.32micrometer to being last shipment>=0.3micrometer. 

[0066]On the other hand, in the last shipment pattern of the slant shown in drawing 13 , according to exposure by a conventional 
example, the pattern size which can secure the required depth of focus is last shipment>=0.7micrometer, and slanting last shipment is 
understood that it is necessary to design very thickly. On the other hand, it is equal even if the required depth of focus is securable 
by last shipment>=0.55micrometer, and it compares, when it is [ exposure by this example ] usually exposure (last 
shipment>=0.5micrometer). That is, according to this example, maintaining the resolution characteristics which excelled at the time of 
using the special filter which has four conventional aperture masks, in slanting last shipment, the exposure characteristic of the 
direction in every direction did not degrade resolution characteristics so much, and enabled large design rule reduction of the slanting 
last shipment pattern. 

[0067] Drawing 12 and the characteristic shown in 13 change with the radius of the circular opening part ABCD of the special filter of 
drawing 9 , a center position, the width of the ring shape field E, an inside diameter, and outer diameters. It is necessary to optimize if 
needed. 

[0068]Thus, according to this example, there are high resolution performance and a depth-of-focus improved effect by use of the 
special filter which has 4ths+ zona orbicularis, and it is effective in reducing the dependency of the effect over the pattern size and 
the direction which moreover were not acquired conventionally on the level which is satisfactory practically. When the half-tone mask 
shown in drawing 4 - 6, a self^align type mask, and a shifter edge type mask are used as a mask, depth-of-focus enhancement effect 
is large. 

[0069]Next the 4th embodiment of this invention is described. This embodiment uses a half-tone mask together in 5th filter and 5th 
filter. It is fundamentally similar with the 1st embodiment and the 5th filter 60 as a secondary light source is shown in drawing 14 . 
As for 61, a light transmission section and 63 are shade parts an optic axis and 62. 

To the optic axis 61, it is symmetrical with 4 times, and, in addition to the four openings A, B, and C which separated from the optic 
axis, and D, has the opening E in the optic-axis 51 neighborhood. 

[0070]The result of having exposed usual Cr mask and half-tone mask is shown in drawing 15 and 16 using such a filter 60. Drawing 
15 shows the resolution and the depth-oMocus improved effect of a line and a space. [ as opposed to the last shipment pattern of 
1:1 in a ratio ] A horizontal axis shows pattern size and the vertical axis shows the depth of focus (DOF). NA of an exposure 
wavelength of 365 nm (i— line) and a projection optical system is 0.55. 

[0071]Thus, in a last shipment pattern, the depth-of-focus improved effect by 5ths Lighting Sub-Division exposure falls compared 
with 4ths Lighting Sub-Division exposure. However, the minimum line width which can secure the depth of focus of 1.5 micrometers is 
almost the same as the case of 4ths Lighting Sub-Division exposure, and does not have an adverse effect on the shrink of a chip size 
at all. Depth-of-focus enhancement effect can be further enlarged by using a half-tone mask. 



http://www4.ipdl.inpit.go.jp/cgi^^ 4/5/2011 



JP,05-326370,A [DETAILED DESCRIPTION] 



Page 7 of 8 



[Q072] Drawing 16 shows the result of having calculated the depth of focus to the pattern size of an isolated omission pattern. 
Compared with the case where it exposes with 4th Lighting Sub-Division, by considering it as 5ths Lighting Sub-Division exposure 
shows that the depth of focus is improving, it being alike furthermore and using a half-tone mask — it turns out that the depth of 
focus is improving. Securing the depth of focus of 1.5 micrometers can be kept, and line width is understood that it is possible to 
make it thin to 0.41 micrometer by the half-tone mask exposure by 5th Lighting Sub-Division to the case of Cr mask exposure being 
[ which is depended on 4th Lighting Sub-Division ] usually 0.45 micrometer. It is possible by optimizing the size of an opening to raise 
the depth of focus further. 

[0073]That is, it became possible for an isolated omission pattern to extract and to design line width more thinly, with the strong point 
of 4ths Lighting Sub-Division exposure that the minimum line width of last shipment of 1:1 can be designed thinly (about 0.3 
micrometer) by considering it as 5ths Lighting Sub-Division exposure having. As a result, it became possible for what is called an 
isolated omission pattern with a thick linewidth to extract to the space width which exists in an LSI pattern, and to design line width 
more thinly, and it became possible to attain shrink with a large chip size. 

[0074]This invention is not limited to each embodiment mentioned above, it is a range which does not deviate from the summary, and 
can change variously, and can be carried out. In an embodiment, although the special diaphragm shown in drawing 2 and drawing 4 was 
used as a means to attain 4th Lighting Sub-Division and 5th Lighting Sub-Division, it is possible not to limit this invention, to use a 
fiber etc. for others, and to attain 4th Lighting Sub-Division and 5th Lighting Sub-Division. 

[0075]Next, the 5th embodiment of this invention is described. Drawing 17 is an outline block diagram showing the projection aligner 
concerning the 5th embodiment of this invention. It is condensed by the 1st condensing optical system 72, and the light generated 
from the light source 71 is led to the equalization optical system 73. As for the equalization optical system 73, an optical fiber, a 
polyhedral prism, etc. may be used. Image formation of the light which came out of the equalization optical system 73 is carried out, 
and it forms a secondary light source. The filter 4 (the 1st eccentricity filter is called hereafter) which has the aperture 81 in the 
position which carried out eccentricity from the optic axis is installed in this secondary light source position. Exposing light passes 
only the portion of this aperture 81, and illuminates the reticle 76 through the 2nd condensing optical system 75. 
[0076]The exposing light which passed the reticle 76 reaches on the wafer 79 according to the projection optical system 77. Although 
the pupil 78 which exists in the projection optical system 77 is usually a circular opening, in this example, the slit shape filter (a pupil 
slit filter is called hereafter) is installed in the pupil posion as the graphic display. The longitudinal direction of this slit is the same as 
the eccentric direction of the 1st eccentricity filter 74. this 1st eccentricity filter 74 and the pupil slit filter 78 have maintained the 
physical relationship of said description — the synchronous roll control circuit 80, the motor which is not illustrated, etc. — a 
synchronization — it is pivotable. One exposure is ended by rotating the 1st eccentricity filter 74 and the pupil slit filter 78 360 
degrees in the synchronous roll control circuit 80. 

[0077]The result of having calculated the focus margin to the pattern size in exposure with the projection aligner of this example is 
shown in drawing 1 8 . A dotted line is exposure by an embodiment when exposure (sigma=0.6) and a solid line usually use the usual Cr 
mask. NA of an exposure device, the coherence factor sigma, and the exposure wavelength lambda are 0.55 and 0.6,365 nm, 
respectively. It does not depend for the result of drawing 18 in the direction of last shipment. Therefore, it turns out that this example 
solved the problem mentioned above, the direction dependency of last shipment was abolished, and fast depth-of-focus increase is 
moreover usually attained compared with exposure. The depth of focus of such fine last shipment improves that the throw of an 
eccentric from the optic axis of the center of the aperture 81 is enlarged. 

[0078]According to this example, by thus, the illumination-light study system and thing which allocate in the secondary light source 
position of an exposure device the filter which has the aperture 81 in the position which carried out eccentricity from the optic axis, 
and illuminate the mask 76 from across. The high order diffracted light of a last shipment pattern long in a direction vertical to an 
eccentric direction goes into the projection optical system 77, and resolution improves. And by allocating in a pupil posion the slit 
which doubled the eccentric direction of the filter with the longitudinal direction, The pattern direction dependency of resolution is 
cancelable by cutting positively the diffracted light generated from patterns other than the above-mentioned direction, and exposing a 
slit and a filter further, carrying out synchronous rotation 360 degrees by setting the axis of rotation as an optic axis. 
[0079]According to this example, the improvement in resolution can be further aimed at by providing the translucent section for 
attenuating the zero-order diffracted light as the pupil slit filter 78, as shown in drawing 19 . The light which came out of the 1st 
eccentricity filter 74 like drawing 1 9 illuminates the mask 76 from across. In the case of the last shipment pattern of 1:1, it diffracts 
and the transmitted light of the mask 76 is mainly divided into the primary [ **] diffracted light and the zero-order diffracted light. A 
zero order light goes straight on and reaches a point of the pupil slit filter 78. The primary [ +] diffracted light reaches b point. -The 
primary diffracted light does not go into a pupil and does not participate in image formation, a zero order light — the primary [ +] 
diffracted light — ****** — since it is large, it is possible by making it decrease with the semi-transparent membrane 85 to raise 
resolution more. Although the semi-transparent membrane 85 was used in this example, what is necessary is just a means to 
attenuate only a zero order light. 

[0080] Drawing 20 is an outline block diagram showing the 6th embodiment of this invention. Identical codes are given to drawing 1 7 
and identical parts, and the detailed explanation is omitted. A point that this example differs from the 5th embodiment is the form of a 
light source filter with which a secondary light source is equipped. 

[0081]namely, — a light source filter in this example sandwiches an optic axis — an object — the two apertures 81 and 82 are 
formed in a position (2nd filter is called hereafter). According to this example, although resolution characteristics are the same as the 
5th embodiment, ending, when one exposure rotates the 2nd filter 74 and the pupil slit filter 78 1 80 degrees in the synchronous roll 
control circuit 80 differ. Since an aperture will be set to two and angle of rotation will become half if light volume from the aperture 81 
of the 5th embodiment and light volume from one Aperture in this example are equal, exposure time can be made into a half. 
[0082] Drawing 21 is an outline block diagram showing the 7th embodiment of this invention. Identical codes are given to drawing 1 7 
and identical parts, and the detailed explanation is omitted. The points that this example differs from the 6th embodiment are the form 
of the light source filter with which a secondary light source is equipped, and the form of the filter with which a pupil posion is 
equipped. 

[0083]That is, the light source filter in this example has formed the four apertures 81, 82, 83, and 84 in the position symmetrical with 
4 times to the optic axis (4th filter is called hereafter). The filter of a pupil posion has a parallel-crosses-like opening (a pupil parallel- 
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crosses filter is called hereafter). What is necessary is just to be an opening which connects the 4th in a pupil posion as form of the 
filter of a pupil posion, and they may be the thing which provided the opening along the side direction of the rectangle which consists 
of the 4th like the above-mentioned parallel crosses, or the thing (in this case, it becomes a cross opening) which provided the 
opening in the 4th diagonal direction. 

[0084]According to this example, resolution characteristics are almost the same as the 5th embodiment, but ending, when one 
exposure rotates 4th filter and a pupil parallel-crosses filter 90 degrees in the synchronous roll control circuit 80 differ. Since an 
aperture will be set to four and will become the angle-o^rotation drawings 1/4 if the light volume from the aperture of the 5th 
embodiment and the light volume from one aperture in this example are equal, exposure time can be set to one fourth. 
[0085]In the above 5th - the 7th embodiment, although the filter of slit shape or the shape of parallel crosses is installed in the pupil 
posion of a projection optical system, in the shaded part of this filter, exposing light is absorbed, it changes to heat, an optical system 
is degraded, and the problem of affecting transfer accuracy greatly arises. Especially drawing 22 shows specific constitution of the 
pupil filter for solving the above-mentioned problem in the 5th and the 6th embodiment. A figure is a block diagram about a pupil slit 
filter. It is a mirror with [ 91 / slit ] an inclination in 92. If exposing light enters into this pupil slit filter from a top, the exposing light 
which entered into the inclined mirror 92 will be reflected without being absorbed. The reflected exposing light is drawn out of an 
optical system, and is absorbed by the absorber allocated out of the optical system. Therefore, since exposing light does not change 
to heat in an optical system, it does not degrade transfer accuracy. 

[0086]ln the 5th - the 7th embodiment, it becomes possible by applying a halftone phase shift mask as a mask to raise the depth of 
focus and resolution further. Transfer property when the dashed line of drawing 1 8 t ransfers using a half-tone mask in addition to the 
three above-mentioned embodiments is shown. It turns out that the depth of focus is improving compared with the case where the 
usual Cr mask is used. 

[0087]in the above-mentioned example, when the half-tone mask was exposed with 4ths Lighting Sub-Division filter and the phase 
filter, it was shown that an effect is large, but even if it uses other phase shift masks, for example, a shifter edge type phase shift 
mask, and a seli^align type phase shift mask, a big effect is acquired similarly. Other mask structures which attain the above- 
mentioned optical principle may be sufficient. 

[0088]In the 5th - the 7th embodiment, in order to determine the form of a secondary light source, the filter which has at least one 
aperture which carried out eccentricity from the optic axis was used, but this invention may not be limited and other methods, such 
as a fiber, may be used. 
[0089] 

[Effect of the Invention]As explained in full detail above, according to this invention (Claims 1-3), 4th filter is used as a secondary 
light source, And by using a half-tone mask, a self-align type phase shift mask, a shifter edge type phase shift mask, etc. as a mask, 
when the size of a last shipment pattern is large, even if it is, the depth of focus can be enlarged enough, and improvement in 
exposure precision can be aimed at. 

[0090jAccording to this invention (Claim 4), 4th filter is used as a secondary light source, and by arranging a phase filter to the pupil 
posion of a projection optical system, it cannot be dependent on pattern size and the big depth of focus and a marginal resolution 
improved effect can be acquired. In addition, it is possible to use a half-tone mask and a phase shift mask for a mask, and to enlarge 
the above-mentioned effect more by things. 

[0091]By using the special diaphragm which has the composition of two kinds of filters of a zona-orbicularis Lighting Sub-Division 
filter and 4ths Lighting Sub-Division filter as a secondary light source according to this invention (Claim 5), Even the level which is 
satisfactory practically can reduce pattern size and the dependency of a direction, and high resolution performance and a depth-of- 
focus improved effect are acquired. 

[0092]lt adds to the depth of focus of the last shipment pattern in the case of exposing like [ according to this invention (Claims 6- 
8) ] the Claims 1-3 mentioned above, using 4th filter as a secondary light source, and a marginal resolution improved effect, By 
enlarging light source intensity near the center of a secondary light source, the depth of focus and resolution over an isolated 
omission pattern can also be raised. As a result, it becomes possible to attain shrink with a large chip size. According to this invention 
(Claim 9, 10), by carrying out synchronous rotation of the secondary light source and pupil filter which have the aperture which 
carried out eccentricity, it does not depend in the direction of a pattern, but it becomes possible to enlarge the depth of focus 
enough. 
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[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram showing the projection aligner concerning the 1st embodiment of this invention, 
[Drawing 2] The top view showing the composition of 4th filter in the 1 st embodiment, 

[Drawing 3] The characteristic figure showing the relation of the last shipment size and DOF in the 1st embodiment, 

[Drawing 4] The figure showing the typical section structure of a half-tone mask, 

[Drawing 5] The figure showing the typical section structure of a shifter edge type phase shift mask, 

[Drawing 6] The figure showing the typical section structure of a self-align type phase shift mask, 

[Drawing 7] The perspective view showing the outline composition of the phase filter used for the 2nd embodiment, 

[Drawing 8] The characteristic figure showing the relation of the last shipment size and DOF in the 2nd embodiment 

[Drawing 9] The figure showing the composition of 4th filter which has the zona orbicularis used for the 3rd embodiment, 

[Drawing 10] The figure showing another example of 4th filter which has the zona orbicularis, 

[Drawing 1 1] The figure showing the composition of 4th filter which has the virtual zona orbicularis, 

[Drawing 1 2] The characteristic figure showing the relation of the in-every-direction last shipment size and DOF in the 3rd 
embodiment, 

[Drawing 13] The characteristic figure showing the relation of the slanting last shipment size and DOF in the 3rd embodiment 
[Drawing 1 4] The figure showing the composition of 5th filter used for the 4th embodiment, 

[Drawing 1 5] The characteristic figure showing the relation of the last shipment size and DOF in the 4th embodiment, 

[Drawing 1 6] The characteristic figure in which being able to keeping setting in the 4th embodiment and showing the relation between 

pattern size and DOF, 

[Drawing 1 7] The outline block diagram showing the projection aligner concerning the 5th embodiment, 

[Drawing 18] The characteristic figure showing the relation of the last shipment size and DOF in the 5th this example, 

[Drawing 19] The mimetic diagram for explaining an operation of the 5th embodiment, 

[Drawing 20] The outline block diagram showing the projection aligner concerning the 6th embodiment, 

[Drawing 21] The outline block diagram showing the projection aligner concerning the 7th embodiment, 

[Drawing 22] The perspective view showing the example of specific constitution of the pupil filter which suppressed generation of heat, 

[Drawing 23] The outline block diagram showing the conventional projection aligner, 

[Drawing 24] The figure for explaining the problem of equipment conventionally, 

[Drawing 25] The figure showing the example of the filter used instead of an aperture diaphragm, 

[Drawing 26] The characteristic figure showing the relation of the pattern size and the depth of focus in equipment conventionally, 
[Drawing 27] The figure showing the relation between 4th filter and the direction of last shipment, 
[Drawing 28] The figure showing the relation between 4th filter and the direction of last shipment, 

[Drawing 29] The characteristic figure showing the relation between the pattern size in the case of having the directivity of 45 degrees 
to last shipment, and the depth of focus. 
[Explanations of letters or numerals] 

1 [ — Input lens, ] — A lamp and 2 — An elliptic reflecting mirror, 3 — The 2nd focus of the elliptic reflecting mirror 2, and 4 5 [ — 
A reticle (mask), 9' / — A special diaphragm and 10 / — A filter, 1 1, 12 / — A cold mirror and 13 / — A lamp house, 14 / — A 
projection optical system and 15/ — A wafer, 1 6* / — Filter, ] — An optical integrator and 6 — An output lens, 7 — A collimation 
lens, 8 20— 4th filter. 21, 51, 61 — An optic axis, and 22, 52, 62 — Light transmission section, 23, 53, 63 [ — A transparent 
membrane, 36 / — An opaque film and 37 / — A phase shifter, 40 / — A phase filter (pupil filter) and 50 / — 4th filter, 60— 5th filter 
which have the zona orbicularis. ] — A shade part and 30 — A translucency board, 31 — A semi-transparent membrane and 34 
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Jt*T4oa!8fiJifc:J:4J!HML *Oj^ffl±*Mttf¥ 
U\ LfrLfc*^. L/SS0. 6 5MmTJ±3ttffl 
*JifflO»^)«UiSi«!«W**«4 o BJWifeJk'CT** 

[0015] ttfc. L/S = 0 . 7 m m#jgTO^^ 
?4L/Sflii»(B^i-*W:*'SrL/st 

tmiomei&Tim t< &4 t v^flwrtwi:* 
4. i^sv^aue^-fxoL/s^v-^ 

4og7-f;k?<7)gofiB. ±*Zlzi.'>X3>&<m.m 
\thh iK £#m&toiim 2 6 i^-ra 0 T* s . 
[0016] 4fc. ±IBW^(iL/SA^->tWU 

xx'b&tK ms&Z'W-y&ism (^>^mi 

0. DOF*«KiH-4£i:jWh&»ofc. jN^OKl. 5 
/tmta»"C#4*/J^ttSIWBIi. W%mftX'lZ0. 4 
At mT* 5 flfctt LT . 4 o g ffS^(C <t l> 0 . 

45umb%->Xl& 0. O40> 40g^HjtJ;SS 
3K*ff-3**fcli. 1 = lOL/SA^->{i0. 2 9 
iumTRK-C**^t»L. »i**^-y|40. 4 

1.5m m J2Lh&a«T* < * 0 . * >y T 

[001 73 40l7-<^S:JlVvt40B«3K 

izmwztitzw-yi l z^x\ffi&ffl&<?)&Ti> i %L 

^ t L/S O^ISJ *«H 2 7 IZTp-tX -5 ^M^W^-T' 
40g7 4/^fcL/S£9:fr|6]i:tfH2 8?)J:3 
=SrBMR. W%L/SC#l,-C4 5*0*l«!ltt**1-** 
^•(i. ll2 9t*-r < i:'3tcJ:^^*A J f§^itl». 

4og^BJT'<7)IE^{iji»JCJt^T^gl 

[00183 

OP3Jg 2 JWfeSW: J: S SsKtJt^T 4og7-f;l-^Srffl 
V^S3tTJ±. L/S<0. 6 5MmT(±MmS. «US 
»«rtl±«flbWrLv\ L*»L**«fe. L/sso. 6 
5 m mT1i:atca^BB^*^omjii«S^^* { 4 O g 
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mtzitKx*:%<%'>Xlt?. »fc. l/s = o. 
7umi?&Tlim<m%tfl . 5*cmggk&-3TL2 

KiiL/s= o . 7 Mmitj5.w?-ytf&mzm^z 

tl%^. L/S = 0. 4umtti5X'\i.2. 5;u 

$r!M zw^-yfci -?TtK¥#1x#»3$LT It o 

[0 0 19] ttz. A-o&y 4fr9<niio&&%.<n4& 
WCWf&Wtth? 4)\>9*W?P 4)V9kLxm 

1 0 0 2 0 ] & fc. ±l£^#JTm/S<9^8iS&. 

mx-m-tzmmtztiKix^z. «iw>l 

sutf-yxit. x*i.-xizftt&y4 y&tfi&w 

&£&J£il*$3l£^7 7 , -*M X^ya 'J 
ft&iktfTtfcK 

[0021] JJE*W**«LT$r$iifci 

Xtf±Z^Wr£lzhr,XhMmmt:+frkZ<thZ 
k ifiX » . fSftftJS^fi _L£ «*> 0*4 &f&33fclifi£ 

t* iwmmximti z 1 1* * . 

[ 0 0 2 2 ] * fc. *5WH©»«WlB»i. BUfctt&'V 
*A^->oJk#»S* J: 0»<f&ff-f£>.IktfT' 

-e^tes. i->yT*HX0)±i&%>'3.vy?*&&. 

[0023] 

[0 0 24] Wt>*SHB (fl«l-3)li, v***> 

mmcott&wft&mmmiztt lt a m&x& 

■oftttfrfciWifc 4 owffiWfcTSMfcfc L*>4 8* 
ROfcKft. "7X?kLTA-7h-- S£§ 

v^^tfflv^sak-rs. zzx\ A-7h-m 

? k I* . JWtttfflRJitc^aWBW)^^ - 

180x(2n+l)±30(S): nl«, 
WWfiilrStfcL, R^mWBnBms&Tifiam. 



0. 0 1XT0 ST^O. 30XTO 
£S!fcti>OT-fcS. 

[0025] iEfi^sfiffl^hvx^kti, mm 
m±^mmmizx-yx^-yifim^ti. tm% 
mz£i^?-ymmx\tmm<mizffltim 

180X (2n+l) ±30 (*) : ntdffiK. 

[0026] >'7^-x>yv : Sfiffl^7hVX^i:(i, 
g^^±fcS§3MfcJ:oT*J«5r< k fc-atW 

-y«a, m&xmz£iJ*f-yzm&th% 
commMmmmhmzmtim^tiK 

180X (2n+l) ±30 (ft) : ntiSgL 
[0027] *#S (11*^4 ) tt, 1X9 W 

9 - vkm6%&& iirixv x a jlcshmbk* as 

*S»0»ajffirt5§US^t3H»tS- LT 4 0««rca.o 
XMfrfeftJlfc: 4 mm&zxm&k k * L* 5 1$3*& 

[ 0 0 2 8 ] Z ZX. Sa»K¥jR^BItMlfcSllt4* 
*f*£. *^ffe<^#l~ttLTM&^£?>a j a£L 

[ 0 0 2 9 ] * fc s *m (BWPB5 ) tt. ffiSfrhn 

y&%nmmcomm&.mzikrtt>titz®mi>o t . 

LT 4 EStSrcao*** 4 fe^httJt 4 otf5ffi«tt 51* 

^ k •£ w> s 4 m<oimm&i3ftifi&\ w&t . z 
ixk4^<7)mmt£&zv&}mmmfttfi®^ffl& 

btlii-ltS&MLUzZkitiWikth. 
[0030] tt&ffii (if*56~8 ) ix9n 
rt9-y *®3fflfr?k Sr^i" IX*7 x A±KSW«3tf & 
«a«3ieaE«=*JV^T. vx^egBJl-^ftSk LT. 
^3KS<0St ajffirtiSS^S:^^ LT 4 HttST* 
«l*»^iifc4ofl5l»8tT5M£*i: L. S.o3tiH^+ 

itzwm*) mn. 1x9 k L 
t. j\—7h—y~?x9, ^ss^mim^yhix9 
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Xlt *s 7 9 -X 7 iMQffi *> 7Y1X9 * JB VV/tfHR k 
"T4. 

[0031] 4fc*#B (MI9 ) tt, VX9toK9 

whmdc**wc. -?x?&mm ixammivt 

fflfc»->Ta3i**i: U ft^OSISfrftk 
#**«3£+fcyt«lfc't»'l>i: LTRHIEMBStfii k£ 

[0032] *fc*aW(B««10) tt. -7X?cr>Ji 

9-> lt * x nit sumbk* *a 

l^±T«7)3a£*k &4 4o<o««*»4>*6J©BtfD 

$H*:4C:k£1f®k-$-4. 
[0033] 

[ftUB3 (M«JHl-3) fcittf. tfaSWtft 
ffikLT. 3£W£#LT^»T'l>v. JiO#Hto»6rt 

4.IkfcJ:oT, iTW'l X<0L/SA^-y«0DO 
kLT*£4oB7*;l'?£fflVVfc«T{i»#OC r^- 
8flaMv£v*L/S fcJt*T«J*WlC*$ <=5^T L4 

a«ma**4#. ±fe#«fifflx7 bvxnmKz. 
kizz^xmmt ix<DMm%£ft±.2-tt$>zttf 

XZh. 

[ 0 0 3 4 ] *fc, (BHW4 ) fc itof . %M 

kLT4o@7<;k$'£ffl^4k*K. 8M8te*JR*>« 
{aStK^^W LTafclfitt fctftafflRfcHI L , K 

mizttlxmhit&ZtlzZiX. n?-v*T4X 

izm^t-r±^m^MS.. mmjjtoiab&tfti 
zbtfX'ZZ. ztuztal. ~?x?\<z)\-7Y-v?x 
7 J $>&tti'7b-?Z?£m^Zi:l l z]: 1 0. ±fE$*£<fc 

*)±%<thztmmx'bi>. 

[ o o 3 5 ] ttz. *w& mms ) izxtiif, m 

t ix crmm. o mm? owtA** m®7 

-</k?fc£)2®S<7)7 (?M$.i%.h%alXti 0. 
M#0:&6A<fr*>$L£v\ A?-y-»MX 

4£k#T&» iSv^(fetttgk^S^S|6]±$!)** { f#^ 
fi4. 



[ 0 0 3 6 ] 4fc, (ff^«6~8 ) fciiltf . 
15^ LfcHMBfl 1 ~~ 3 <o J 3 fc*SBU*#* k LT . ft 

«t*t lt js«ii^.o3ieM*»4> Jtfifc 4 -?coitc-<oa 

S* { 7C=5r4^^&tTlK¥-r 4 «^OL/S;V-y 

jMmg£*#<-f4C:k{;:J:oT, SL4ft*>V 
-yic*f-r4go£&«. Mm*i>fa±Z-£lc\ktfX 
§4. *<0tS*. TIM X<o*4§&xa t> >7 £1 
^1-4^^*^16^5:4. 

[00373 4*:, *#H (M&I9 ,10) fcift 
-**£#f*7<frt'*£ERLT. -?x?$:m>frL> 

%&mzx<o, tmum±.?&. z\zx\ nntoLs 
nm^^mm^tx^htMz. jj2#wjjitf« 
nm^hmmtfKimizxhimm.'&tf 

h-f4. S£>C. Btxy-yH:tt7^;l'#**«l*llIC 
ttt LT 3 6 0£|5]$ESEL$:a^fift-f4 i fc t X t 
T, »m730A^-y^[6itt^tt&^T4C:i:* { T' 
#4. 

[ 0 0 3 8 3 *«tlHltEiW-4 7^;^tL 
T. ^>&#l>LI/?«dttLT5V^tt»3:4<i 
■C 1 o-f oft2l(07A-ft Sr*f 4 7 4 /l-? feJB 

oS3tn#ra Sr^fc-t 4 i k *«nerft 4 . $ 1 1 . * 

g|{4StES1- 4 7 -f k LT . 3Kttl:W LT 4 EW 
WX'&-?ftMfrW\-tlK 4 o«fR*t:T3ME*k * Lft 

h7ovtmw ®M*&mmi.mz. mmm 

«taJW*k*L«>4^ U 7 h 7 * /I/* £ffl^4 i k 

Sjmn^ S h i k *^«IT'* 4 . 

[00393 

WW"*. 

[00403 SI J4*»WDJ|I 1 WjaiWtffiiJiSW 

^3i^a^ ^-tsibs«i£iit-s> * . h i «- vt . m 
(its) . 2\mnwmm. 3\mwmm2<r> 

t?\s-?, ear^vr-yhuyx. 7«in'j>-x 

&\t\s*7>V. 9' 
4«9H!K»). 10{±7^;^, 11. 12Ji3-;l/HS 
7-. 1 3(i7y7"AT7X. \A\tVyX, 

iitaiB*&fcei= i o ^^^^8±oA-^-y<om$r 

>7XA±fcfi»-f4»»3^, 1 5I«xa, I6tt 
SPS^^1-4iK , )TS)vltkBftmT^4. »^ 
fc#ffi£*-f4 7 -f /U^T** 4 . 
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[00413 m<m>-r\thximR*imL, s 

H4 3 6nm, h|g4 0 5nm, iH3 6 5nm^?)lSlg. X 

[ 0 0 4 2 ] II 1 fcip LfcgST'li . ffi nKSHI 2 o» 
13SU«t9y7 , l*B*, *PqRWI20»2iUiS3ft 
5S£-J3l3KS:*tf>4. *tT. »2*Uft3fc8tt*USC 

fcierc\ ittnBuyxtbWZtib. z.<Mrr+ij 

Hk&oTfcO, -07 , 'ybUyX4{±3j-7 , f-*/M>' 
£iStf>4&B£&-f. 

[00433 *7*#fM VT-fV-f 5 tnj/afci±» 

4. v?*v—9 5tzmztitzm.\m 

5 5<?)&h\'>Xfrt 3 &Z>%m$imL <MSix4& 
l^/W8±m^3*S£#{3ff«J-t&4. £2S 

7^8 <oifflJ0HWi < J: O^-fcfc*. *rf*M^ 

T^4. 

[00 44] 5^rii:U-C*IWTtfflv^TfllP3RIMI 

fi^i&£lX9air£k* 5 T'£&v\ **)fc*>, 111: 
4y7>yh]/yX4tlX{h\'yXZW% 

itz<7)frxn*7j-#ji4 yr7v-9 5<7)<\"bmzx 

4*9&«#«l*>4i§£#&4. 

YVyXA yr^V-9 5 b<OfSHzM& 

xiiftttfrmmm^yxift^i. xn-twyT 
i>4 . 

[0045]7O^l 0l±*^#IKl»ijES*VO* 
-11,1 2lift8&£itt{fTgEtf>H;3 £{£<-f 4 k» 



iZMiS&HP&k 1 4 £51 9, Wf-^;U8±«ttB/^ 
4. 

[0046] 02ii, *^Jg^fiTfflV^#«iKO 
9' fcUTO4og7-<;^2 0<0fflPA^-y£^t 

w-mmx'bh. z<?)mi,z&^x®WiMtim%.®2 3Z* 
u 4icr>mma% (%s&ao 22^1121^ 

*lES§*lTV>4. vx^8tLT(i, QB$-f4 
A-7t— >"?X7£fflV>fc. 
[0047] 13 Wi, *£at«t=iJ»t44-3B7*/l' 

fx-nffltiiztsnzw-y^M xizm-h -7t~ijx 
-7-~jym%Ltz^^-t. &mm%mw<.om 
0. 6) \zzr>xw%ncrvx? imzLiz^. m 
m { 4^Bmwt,zxm%<7)c r-?x?*m^tziir£<?)m 

ft, -£«W4oBSB!S£fT->TjE£A-7 h->-v 

<*«*«) 4fe. s 

3lSRBONAIiO. 5 5, K3t»Att3 6 5nmTft 
4. 

[0 04 8] 4oBflgWfctTV\ Sgt^-7 h-WX 
? fcfflU 4 £ i: fc J o T , £T ^i^@T'OmjS^J£* { - 
tttltliUviiii:iWtt>4. L/S-0. 4jumft 
jfiTOfcfc^WSSK^^rt-Sifc. L/S = 0. 7jLt 
m#i£t'M^S* 5 S/ht44^ fctMWCHt. il^O 
CrVX?£fflufc«£kl§ItTS>4fr\ WiWbLX 
O&fimB.tffol. LTV *4 fcftK s L/S*MXCD*;Z 

V>4. 

[0049] H4-E6(i. #£Bffl%tCRW?X 
?8£WLWtZ>tztbcr>mX'hZ>. H4 ( a ) fciiA-7 
h-^X70ftSW£Srffi»it£*U H4 (b> fc 
iiftUfS^fr^U 04 (c) tettftSMKHflfrSL 
fc. A-7h->-V7.^{iil3teSg3 0 (jiftUS i 
0 2 ) ±{C. »363efc»LT*aaH ( l%SjHs@jg$ 
^3 0%) <7)M3 1{CJ:-5TLS 

x^4. «!3 1 <7)timnmm<Dim%3 20m 
3 3 <?>miz*f ix , 

180X (2n+l)JS+30 (%) : n»M. 

[0050] ««ffi£«fc"tJ: 3 CM*3*TCV>4. * 
®iii§3K3 3(i'>x>'N±T-{i[lIi»fLTJ£* J, )124 (b) 
izmtB £ 5 %7U7 7 4 )lb%h*K 
iSiSt43t3 2«i:'>i>'N±T'{i:i£fiffii: : 5r4fci') (7o 

5-^4 (7D7T-f^C) . 

[ 0 0 5 1 ] *fcs issmmxit. 4^mwyoi> 

?t,z£iX^-7h- y~?x ? t **T 4 k Wktf-k* 
v^k^^Lfc*^ ffi<7)fiffi^7 hvx;. Wi.if^7 
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Ji. 7 9 -x -y ySffiffl 7 h ? ajyBAMrBrW 

3ftlS«3 0 (9ffiiS i 0 2 ) ±fc. *#3fcfc»l/C 
jff»arftK3 4 (SiOj ) fcioTLS 
JBSSftro*. i<0iMait3 4WlDWi, jaS§3K3 5 
«fflffl*qHB8ift* 3 3 <Offlffifc» t T . 
180X (2n+l ) £±3 0 (%) : nlJM, 
[0 0 5 2] WW«S«fetJ:3fc:tWiPI?*iT^4. X 
W&®K33b. MR 3 4 Mlf Sft3 511^1^ 

4 OtMifthS WC 2 o*)x -y S^0MHW«tf5r 0 

[0053] B6icii. ies^seffi^7 hv 
hv*7u»*tt»E3 o (ii#s i o 2 ) ±(c, mt 

isatjtfcstLTaiB*** ( s i o 2 «) tiotfiffl 

^3 8^{iffl* J »«3jS3t3 3<0fflfflfc»LT. 
180X (2n+l ) £±30 (%) : nteSSC. 
[0 0 54] eM&iWztXilZ&MZtiX^l. * 

[ 0 0 5 5 3 5 fc*2BfcWfc **ttf» ^®g«Sr 
ftj&f *fc*>fc:H 2 J: 3 &4 oB 7 4 /I'* 2 0 £ 

y^-yoDO F fi_L2&H£*# a*T# * . 

L/SA?-ywMX#*#vtf&3r'*o 

[ 0 0 5 6 ] <Mc. *»^»2«Wt«fcov^RW 

mx-ii. 0 i iz*-tim%&% 1 4 oatfis 1 6 £07 

fcwrf i a 7-f;k?4 0£ESL-O^. 
[00 5 7] 07 (a)Offlffl7^;^tt» 3B*4 1t£ 

ttLrii]$»&n&»r;fc9. ita^wtSKiaaL 

0, fltf.tfSiCVfcfflu*. rt@r, ffdotMIHBi 

4 2Tu-eii£w-«>fnc4 3 ± 0 1 1 tiwimtfw- < =&• 
oTV^„ fiP*>. ^4 2*a»*63fc<o3t^* t «* 

4 30*ftJ:'3fc*<$r*£i:*S*l/CVV&. ZVrft 
K^omi3t^4fflH£4t*U*l.. r. d&tfttt 
flu£S*£l*LtL>fcv*«. 4oB7^*<7){iS^K 



iS#L-Cifc£S*i6. -lc90QI0!lrf±07 (a) 

@, wit i or. &m < i\s?mmt3ch*)ft&. 

[00 583 4fc. 07 (b) fcijcffiffl7 4 t> Iff 
(a) fcOit^Ji. figr, Sd«)««WB«4 2n«- 

hW\-<om®4 3 «t o 1 1 ^-MgawBK r £ 
i r* 5 . ap*> . fflns 4 2 £ iiiit « *0«fcK**Hl« 

43C0*n£K)hM<%^X^lZt£imLX^h. 

m^wzx^x§Li&%!^tm±2K*immb 

Lrv^fcft. H7 (a) (b) VYfh^HBJtfcfcVvc 
[00 59] 08 Wi. 4-5C0^PSPSr#-r4 4'Og7 

-f w 2 o&w&ffi7 ^;^4 o zm^mmzmh 

IS**Stt-. jSDHbfifBlJWiE* (4oB7^/^<0»fcJ: 

TftS; frfc. 8ftg«<9NA{20 . 5 5.3 
h-l^y^7r^^«J{3;0. 6. S3K«*A{i3 6 5 n 
mr&l). 

[0060] am <M40 fc«fiMlfc#AUfc* 
L/S^o. 6 5 At mr^g|l*f&li^!l** ? 7<:^ < 

^0.40 a mtynfrx-mft Ltig&nismAifsfflt i 
wizttftotpi. $^t. 04r^L£;v-7h- 

.4^. 05, 06r*Lfcies^s-7x^. >-7^x 

vyfrfflv^rt>R«fcSMl3&«*Sif\ 4fc. «StOS 
(g^jfi^l 0 0%r$>5^. X-A*-7V-y7^ffi 
<7>raSO-o^ fiP*>7-f;P^* s S7bfc5rtR'RLr^i:^ 

mdBKItt^t*^. *^^3<7)HMWto 
V^rRW*. i^BttMtt, 4oB+H»7-f^* 

fijfflLfct><or'*s. 

[0061] *HM^(ifc(t?,0 1 fc^2<J0HTOB^ 
^^ , 9 9' OJ^Ji. H9fc*tJ:dfciSfor*iO. 
5H4*Hs 5 2{i*S3ia5. 5 31i36«ST-**. «I 
*Ui. 3KttSr*^fc L^M®Sri6lt*ttrJ!£v^«^ 

ofcnjRjeewA. b. c, DiWffifrrtitcitLra 

V^4. 

[006234^, m9xte£xmfrt>%$>mt l z£ 
orflirttfc* 1 . *rutiiwir**«S}»i*<» 01 

t. ^M?0 9' o»3«Jg«ttHl llz^tffiktl 
rfc+JKB^ttH^SMtttfcWCIi^v^. 01 l^JB 
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[00 63] ifcJEfc. ±K*>H9~Bl-lK*bfc& 

toMvfflMzts^x. ?m&%5 2coii£Tmm\i.'£-fi 

t»10 0%t^r<Tt>«t<, *&(=J:-jTtt. 

nmz x -> xmsggtz z. t a*rtrc& & . 

[0064] 01 2, 1 3(4, H9fc*U:8Hc7-fA' 
**fflVvcS#Lfc%^lB^£*UO*4. 01 
2l4«««L/SA^->'t*M-*Wtt. 013(4$a6 
L/s^-yfcJtt4«ftt*jSLTV^. *SMl(4. V 
^b3y^xh£7 0%fcL£^^M&£L « 

[0065] H?A4 X^*-:<lE^iB#aJuS8li* 
8:1. 5/imfcf5k. i«iegf(ujSaK*llR-rS4 

Z%<tl%\\W%.mm<W6&l*L/SZ0. 3m 

mX'*>h<Mztfix. ^mmmx'it l/s = o . 32// 

[00 6 6] -^T. 01 3C^#W><0L/S^-y 
t^S^^-Vt-fXttL/S^O. lumX'h^). ® 

ztuzttLx, trnmizizmftx-te. l/sso. 

#<7)iS£ ( L/S ^ 0 . 5Aim) iZ&KX tM^Kc 

w^t*). *nmmt,zi & t . mmif^nm^ 

14, &*<r)A*}<7)T x9*-%-t&fflfc? -il^ 
*£JH^fc*^fltofctf(M*tt*«%oo. m>L/ 
Stcisvvc t*WiiflHM«tt*ft5-W, £f#>L/ 

[00 6 7] 09O^7-f;P^<OP3^BBn»ABCD 

[0068] z.coxoizxgmmzxtni. 4og+i& 
mt-nmy <)Vf<mmnzi. ^^mmmtM 

-vim xt-^mznthn^m^mmiMm<r> 

ZWKMZ&T 4fc, ~?X7kl 
T04— 6^t3t^-7b-y7X^. iEfi^-Sv 

[0069] jfcfc, *JSW<0»4«IO6«t:-3V^Tli^ 
t*. wOUISWi, 5-pa7-f;^&V r 5og7-f^ 
9<,z/\~7h-y^x9^mLtih<nX'hi>. 
K14SS 1 OlQfcWfcSHRLTii 0 - 2»a6Bfc LT<05 



-?g7<f/l':?6 0(4. 014^-ri?t : 5:-5Ti3O. 
6 1(43fc«k 6 2(43fcg&as, 6 3Ji*3l£»T**. % 
® 6 1 fctt IX 4 EW*r* 9 J-OffilifrWHlfc^ 
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